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The effect of starvation (sugar deprivation) on some transport properties of the cell membrane of suspension 
cultures of sugarbeet was evaluated by direct measurements of the medium. Medium conductivity and 
potassium concentration decreased sharply in the control cultures throughout the six days of the 
experiments, while moderate changes were measured in the starved cultures. The evaluation of results on a 
fresh-mass basis revealed that potassium influx was about the same in both cultures during the first day but 
decreased sharply afterwards in the starved cultures. Starved and unstarved cultures acidified the medium 
one day after subculturing, and this was followed in both cultures by proton influx. Redox activity and proton 
extrusion were higher in the starved cultures during the first few hours after subculturing. The results 
indicated that proton fluxes in starved cells were sustainable and no different from control cultures over the 
period of study. 
Die effek van verhongering (suikeronthouding) op sommige vervoermeganismes van die selmembraan van 
suspensiekulture van suikerbeet is deur direkte bepalings van die medium geevalueer. Mediumgeleiding en 
kaliumkonsentrasie het skerp afgeneem in die kontrole-kulture gedurende die ses dae van die eksperimente, 
terwyl matige veranderings in die verhongerde selle gemeet is. Op 'n varsgewigbasis is daar bevind dat 
kaliuminname omtrent dieselfde was vir die eerste 24 uur vir be ide behandelings, maar daarna skerp gedaal 
het in die verhongerde selkulture. Beide die kontrole en die verhongerde kulture het die medium se pH 
verlaag 24 uur na subkultuur, en dit is gevolg deur 'n protoninfluks in beide kulture. Redoksaktiwiteit sowel as 
protonuitskeiding was hoer in die verhongerde kulture gedurende die eerste paar uur na subkultuur. Die 
resultate toon dat protonbeweging in verhongerde selle voortgeduur het en nie verskil het van die in 
kontrolekulture vir die duur van die eksperimente nie. 
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Introduction 
A dominant element of the plant plasma membrane is a 
proton-extending ATPase which generates a large negative 
membrane potential. The resulting electrochemical gradient 
drives the influx of a wide range of solutes and inorganic 
ions via symports (Serrano 1985). The plasma membrane 
also contains redox systems that transfer electrons from 
cytoplasmic donors to external electron acceptors. This 
activity has been associated with the acidification of the 
external medium (Coleman & Chalmers 1988), reduction of 
membrane protein sulfhydryl groups and hormonal regula-
tion of plant growth (Moller & Crane 1990). The reduction 
of non-permeant ferricyanide is a technique which has been 
used to measure this redox charge transfer (Rubinstein et al. 
1990). 
Under normal conditions of cell culture the medium con-
stituents, especially carbohydrates, are consumed during the 
growth phase, becoming depleted during the stationary 
phase when growth ceases. It would be expected that during 
nutrient depletion, the rate of A TP production and the 
functioning of the H+ -ATPase pump may decline, with 
resultant changes in many transport processes (Marre & 
Rasi-Caldogno 1989). Few experiments have been under-
taken to characterize the biochemical changes occurring 
during a prolonged period of sucrose starvation in higher 
plant cells (Journet et al. 1986). 
In this study we investigated membrane transport and 
redox charge in suspension cells of sugarbeet, subjected to 
sugar-starvation by transfer to a sugar-free medium at the 
end of the exponential growth phase. 
Materials and Methods 
Sugarbeet (Beta vulgaris L. cv. Cremona) suspension 
cultures initiated from callus were grown in modified B5 
medium (Gamborg et al. 1968) [KN~ 3000 mg rl; MgS04 
500 mg rl; 2,4-D 0.1 mg I-I] in the dark on a rotary shaker 
at 150 r/min. The suspension cultures were subcultured at 
the end of the exponential phase (7 - 11 days; 20 ml sus-
pension added to 80 ml fresh medium in 250-ml flasks). 
Eleven-day-old suspension cultures were washed three times 
in sugarless medium [B5(-)] ,centrifuged at 160 g for 5 min, 
and 10 g fresh weight (FW) of cells were resuspended in 
100 ml B5(-) or B5 medium as control. Aliquots were 
removed under aseptic conditions and filtered through 
Whatman GF/C filters at time 0 and days 1, 3 and 6. The pH 
of the filtrates was determined using a Beckman 
expandomatic SS-2 pH-meter, and conductivity was 
measured with a WTM LF91 conductivity meter. 
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Twenty-microlitre aliquots of the filtrates were diluted to 
10 ml with deionized distilled water and cesium chloride 
was added. Potassium was determined using a Varian AA-
1275 Atomic Absorption spectrophotometer. 
The plasmalemma redox potential was evaluated in terms 
of the ability of cells to reduce ferricyanide (Neufeld & 
Bown 1987). In this study, suspensions were centrifuged at 
160g for 5 min and washed three times either in full B5 
medium or in B5(-) medium, weighed and 20 g FW cells 
resuspended in 100 ml of the respective medium. Freshly 
prepared potassium ferricyanide (0.5 mM final concentra-
tion) was introduced to suspensions which were kept in the 
dark on a shaker. Aliquots were taken from the suspensions 
every hour, filtered and the absorbance of the supernatant 
measured with a Varian DMS 90 spectrophotometer at 420 
nm. The same procedure was carried out with cell-free 
media as a control. A standard CUIVe showed that all meas-
urements were carried out in a linear area of relationship 
between the OD and ferricyanide concentration. 
Results 
Cells grown in a B5 medium (control) showed a typical 
exponential growth curve. In starved cultures, although 
viable as shown by fluorescein diacetate staining (Widholm 
1972), the cells ceased to grow and remained at about the 
same weight and volume throughout the experiment (Figure 
1). The starvation technique was very effective and cellular 
sugar levels dropped one order of magnitude within 24 h 
(results not shown), leaving the cells to starve for the 
remaining five days of the experiment. However, since the 
number of cells in the control flasks increased in an expo-
nential rate and the starved cells ceased to grow, it was 
essential to express the results on a unit FW basis, in order 
to evaluate the results, per single cell. 
Medium conductivity decreased sharply in the control 
cultures from day 1 to day 6, while in the starved cultures it 
decreased only in the first day and then remained fairly 
constant (Figure 2). The decrease in potassium concentration 
in the medium more or less paralleled those of the medium 
conductivity (Figure 2). Although the potassium concentra-
tion decreased continuously in the medium of the unstarved 
cultures, expressing the results on a fresh-weight basis 
revealed that potassium uptake by the cells decreased with 
time (Figure 3). During the first day after subculturing the 
K+ influx into starved and unstarved cells showed small 
differences. In starved cells it decreased sharply over the 
first three days, whereas in the unstaIVed cells there was a 
small increase followed by a gradual decline. Both the 
staIVed and the unstarved cultures acidified the medium 
during the first day (Figures 4, 5). This was followed by a 
decrease in both staIVed and unstaIVed cultures. Redox 
activity in unstarved cells increased exponentially over the 
experimental period, whereas in the starved cells there were 
rapid transient changes over the first 6 h before an exponen-
tial increase was seen (Figure 5). By 22 h the levels between 
the two treatments were comparable. 
Discussion 
In a closed cell culture system, less nutrients are available 
for growth with time. This places successive dividing cells 
under increasing nutrient stress. Un starved cultures showed 
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Figure 1 Growth curve of starved (e) and unstarved (0) control 
cultures. Numbers on the control curve denote the factors used to 
express the results on a fresh-weight basis. 
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Figure 2 Conductivity (-) and potassium concentration (---) in 
the medium of starved (e) and unstarved (0) cultures. 
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Figure 3 Potassium influx in starved (e) and unstarved (0) 
cultures. 
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Figure 4 Proton concentration in the medium of starved (e) and 
unstarved (0) cultures. 
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Figure 5 Proton efflux (---) and redox activity (-) of the 
starved (e) and un starved (0) cultures over a 24-h period. 
a more pronounced pattern of K+ uptake, and hence a de-
creased medium conductivity (Figure 2). If the results are 
expressed on a fresh-weight basis it appears that potassium 
influx only showed a decrease after day 3 in the unstarved 
cultures. This already occurred after day 1 in the starved cell 
cultures (Figure 3). Previous short-term experiments showed 
that starved cultures acidified the medium (Zamski et al. 
1992). This phenomenon was seen again during the first day 
of the present experiments (Figures 4, 5). Addition of 
glucose to yeast cells activates proton efflux-mediated 
plasma membrane ATPase and thus hyperpolarizes the 
membrane (Serrano 1983). It would be expected that starva-
tion would have caused a decrease in A TP levels, and thus 
influenced the H+ -A TPase pump, thereby inhibiting proton 
extrusion. Therefore, it was rather surprising to find that 
starved cells were able to both absorb potassium (Figure 3) 
and acidify the medium (Figure 4) during the first 24 h of 
the experiment. Ferricyanide reduction was also noted 
during this time. 
The pH of the media decreased from about pH 5.7 to pH 
5.47 (starved) and pH 5.4 (control) during the first 24 h of 
culture. Thereafter, it increased to 5.80 (starved) and 5.97 
(control). This suggests that proton influx, along its concen-
tration gradient, was inhibited in the starved cultures. Such 
an inhibition could have resulted by one of the following 
mechanisms: (a) a lack of proton-sugar co-transport, espe-
cially if the carrier binds first to sugar increasing the affinity 
for protons; (b) the redox system mediates an electron flow 
from the inner surface to the outer surface of the membrane 
and produces a driving force which pumps protons and ener-
gizes the membrane (Moller & Crane 1990); and (c) some 
sort of 'sealing effect' of the membrane caused by starva-
tion. The last possibility can be excluded as proton fluxes, 
257 
calculated on a fresh-weight basis, showed that there were 
no differences between the starved and unstarved cultures. 
The mechanism of K+ uptake by plants is still controver-
sial (Koch ian et al. 1989). Our results suggest that there is 
no direct coupling between K+ absorption and extrusion of 
protons. This is in agreement with recent data published by 
Kochian and Lucas (1988) for maize roots. Our results 
suggest that more than one K+ transport system may be 
operating in sugarbeet cell suspensions. 
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